近似代数その1 : 近似多項式の四則演算(数式処理における理論とその応用の研究) by 佐々木, 建昭
Title近似代数その1 : 近似多項式の四則演算(数式処理における理論とその応用の研究)
Author(s)佐々木, 建昭





















$P(x)$ $P$ ‘ $||P||$
920 1995 115-119 115
$10^{-2}$ $10^{-4}$
$G\cdot H$
Landau $O\dot{\text{ } _{ }}$ $0$ , , $\infty$ 3
$G$ $H$
$F$ $r=||F||/(||G||\cdot||H||)$ $F$ $G,$ $H$ $r\ll 1$
$r\gg 1$ 1 $r\ll 1$
$G\cdot H$ (systematic cancellation) $\circ r$ $G$
$H$ –
$r$ – $\prime r$
1 $||G\cdot H||$ $||G||\cdot||H||$ $r$
$G\cdot H$ $||G\cdot H||$
$||G||$ . I $H||$ $O$ $||G\cdot H||=O(||G||\cdot||H||)$
$||G\cdot H||\leq O(||G||\cdot||H||)$
$\mathit{0}$ $r$ $G$ $H$
$O$
12.3 $\mathrm{a}\mathrm{c}\mathrm{c}$
$F$ $\epsilon\ll 1$ $F$ $\epsilon$
$F$ $G$ $||F-^{c}||\leq\epsilon$ $F$ $G$ $\epsilon$
$||F-c||\leq\in\ll 1$ $\Leftrightarrow$ $F=G$ (acc $\in$ )
$F_{1},$
$\ldots,$
$F_{r}$ $\mathrm{O}\mathrm{p}$ $\epsilon$ $G$ $\mathrm{O}\mathrm{p}$
$\epsilon$ $G$
$\mathrm{O}\mathrm{p}(F\iota, \ldots, F_{r})=c$ $(\mathrm{a}\mathrm{c}\mathrm{c} \epsilon)$
12.4
$G$ $H$ $\epsilon c$ $6H$ $G+H$ $\max\{\epsilon G, 6H\}$
116
$G\mathrm{x}H$ $\max\{||c||\epsilon H, ||H||\epsilon c.\}$
$G$
1 $O(\epsilon)$ $G$
$1\mathrm{c}(G)=\eta\ll 1$ $O(\epsilon/\eta)$ $F/G$
$G$ $F$ $1\mathrm{c}(G)$
$F=GH$ (acc $\epsilon$ ) $\epsilon<|1\mathrm{c}(G)|,$ $|1\mathrm{C}(H)|\ll 1$ ,
$|1\mathrm{c}(G)|\cdot|1\mathrm{C}(H)|=0$ (acc $\epsilon$ ) $\deg(F)<\deg(G)+\deg(H)$
(degree-decreasing)
12.5 (cancel number)
$\mathrm{u}=$ $(u_{1}$ , $\cdot$ . . , $u_{n})$ $||\mathrm{u}||$
$|| \mathrm{u}||=\mathrm{d}\mathrm{e}\mathrm{i}\max\{|u_{1}|, \cdots, |u_{n}|\}$
$n$ $\mathrm{u}_{1},$
$\ldots,$
$\mathrm{u}_{m\text{ }}$ $m\leq n_{\text{ }}$ $c_{1},$ $\ldots,$ $c_{m}$
$\{$
Clul $+\cdots+c_{m}\mathrm{u}_{m}=(0, \ldots, 0)$ (acc $\epsilon$ ),





















canc $( \mathrm{u}\mathrm{l}, \cdots, \mathrm{u}_{m})=\frac{O(||m\mathrm{t}\mathrm{h}\mathrm{r}\mathrm{o}\mathrm{W}.\circ \mathrm{f}U’||)}{\max\{||\mathrm{u}_{1}||,..,||\mathrm{u}m||\}}$ .
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12.6
$F,$ $G,$ $H$ $F=GH$ (acc $\epsilon$ ), $\epsilon\ll 1$ $F$ $G$





$F,$ $G,$ $H$ 1 $\deg(F)=\deg(G)+\deg(H)$ (
)
$n+1$ $l$ $\mathrm{g}_{n},$ $\cdots,$ $\mathrm{g}_{0}$
$\{$
$\mathrm{g}_{n}$ $=$ $(g_{m}, ..., g_{\mathrm{O}}, 0,0, \ldots, 0)$
$\mathrm{g}_{\mathfrak{n}-1}$ $=$ ( $0,$ $g_{m},$ $\ldots$ , go, $0,$ $\ldots,$ $0$ )
$\mathrm{g}_{0}$
$=$ ( $0,0,$ $\ldots,$ $0,$ $g_{m},$ $\ldots$ , go )
$\mathrm{f}=(f\downarrow, fi-1, \cdots, f0)$ $F=GH$ (acc $\epsilon$ )
$\mathrm{f}-h_{n}\mathrm{g}_{n}$ –. . . $-h_{\mathrm{O}}\mathrm{g}_{0}=(0,0, \ldots, 0)$ (acc $\epsilon$ )
\sim $\mathrm{f},$ $\mathrm{g}_{\mathfrak{n}},$ $\cdots,$ $\mathrm{g}_{0}$
1261. $F=GH$ (acc $\epsilon$ ) $||G||=1$ $G$ $H$
$\Delta H$ $||\Delta H||\leq\epsilon/\mathrm{c}\mathrm{a}\mathrm{n}\mathrm{c}(\mathrm{g}_{\mathfrak{n}}, \cdots, \mathrm{g}_{0})$ ( $H$ $\Delta H$ $F=GH=G\cdot(H+$
$\Delta H)$ (acc $\epsilon$ ) ) $\square$
1262. $n+2$ $l$ $\mathrm{f},$ $\mathrm{g}_{n},$ $\cdots,$ $\mathrm{g}_{0}$ $(n+2)\mathrm{x}l$ $U$ :
$U=(\mathrm{f}, \mathrm{g}_{n}, \cdots, \mathrm{g}_{0})^{T}$ . $U$ 2 ( $\mathrm{g}_{\mathfrak{n}},$ $\cdots,$ $\mathrm{g}_{0}$ ) Gauss
$U$ $F=GH$ (acc $\epsilon$ ) $H$
12.7
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